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Abstract 

The magnetic signatures o f  field-aligned and ionospheric currents  can be 

used t o  determine the geometry and strength of the e l ec t r i ca l  current  systems 

which couple the ionosphere t o  the outer regions of the e a r t h ' s  magnetosphere. 

I t  i s  now recognized tha t  the currents flowing i n  the evening sector  a re  an 

important clue t o  the understanding of processes leading t o  explosive s u b -  

storm i n s t a b i l i t i e s  and episodes of intense ionospheric disruption. 

report we have used a combination of ground based magnetometer data and ISIS 2 

In this 

s a t e l l i t e  d a t a  i n  the form of energetic par t ic les ,  auroral luminosity and 

electromagnetic and/or e l ec t ros t a t i c  noise measurements t o  p rov ide  a compre- 

hensive picture of processes which are  taking place on f i e l d  f ines  penetrating 

the auroral oval i n  the evening and m i d n i g h t  s zc tws .  NE skiail show tha? 

noise measurements i n  the frequency range 100 < f < 500 ktiz are charac te r i s t ic  

of  regions of upward current flow which a re  found i n  the reg-ion of d i scre te  

auroral features. We find no charac te r i s t ic  relationship on a one-to-one 

basis between the noise and thermal plasma enhancement a t  fSIS 2 a l t i tudes .  

We find tha t  the higher energy electrons (a few keV) a re  associated with the 

higher frequency noise. 

i n  the center o f  discrete  aurora l  a rc  regions w i t h  the frequency decreasing 

on e i the r  side o f  the center of the arc region. 

noise i n  t h i s  frequency range i s  associated w i t h  electron beams i n  d i scre te  

auroral arcs whose velocity space dis t r ibut ion contains a region o f  posi t ive 

slope. This d i s t r i b u t i o n  thus allows the e l ec t ros t a t i c  whistler noise to  be 

In addition, the highest noise frequencies a re  found 

\\le believe t h a t  the source of 

convectively amp1 i f i  ed. 



Introduction 

I t  i s  now well known tha t  the interaction between the s o l a r  wind and 

i t s  imbedded magnetic f i e l d  w i t h  the ear th 's  magnetic f i e l d  r e su l t s  i n  a 

dis tor t ion of the magnetic f i e ld  and the provision of energy f o r  the ambient 

charged par t ic le  background. The magnetic f i e l d  configuration, o r  magneto- 

sphere, i s  shown in Figure 1 together with the various pa r t i c l e  populations 

inside the magnetopause. The two regians of p a r t i m l a r  i n t e r e s t  insofar a s  

the so la r - te r res t r ia l  interaction i s  concerned a re  t h e  polar c l e f t ,  where 

magnetosheath plasma i s  t h o u g h t  t o  penetrate t o  t h e  h i g h  l a t i  t ude  ionosphere, 

and the plasma 

A t  the present 

(Rosenbauer e t  

(Haerendel and 

sheet whose f i e l d  l ines  thread the n i g h t s i d e  auroral oval. 

time i t  i s  f e l t  t ha t  plasma from e i t h e r  the plasma mantle 

a l . ,  1975; Philipp and Morfill, 1976) o r  the entry layer 

Paschnann ~ 1975; Paschmanr; et  a1 . , 1976) enters  the magneto- 

t a i l  t o  eventually become part  o f  the plasma sheet. 

necessary t o  seek mechanisms for  accelerating electrons from the magneto- 

sheath t o  energies which are  adequate f o r  the production of auroras i n  the 

E-recjion of the ionosphere. 

However i t  i s  s t i l l  

One way of energizing auroral electrons Ltrhich has recently generated 

great i n t e re s t  i s  the phenomenon of parallel  e l e c t r i c  f i e lds .  

mechanisms have been proposed which may produce para l le l  - E f i e lds ;  

( 7 )  Double layers (Block, 1972, 1975) which are laminar nail-turbulent 

Several 

they are:  

potential drops whose thickness scales a s  the Debye l eng th .  

(2) Oblique e l ec t ros t a t i c  shocks (Swift, 1975) which are  laminar non- 

turbulent potential drops whose thickness sca les  as the tarmar radius. 
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( 3 )  Anoyalous r e s i s t i v i t y  (Hasegawa, 1974; Papadopoulos, 1977) which 

produces potential drops through the phenomenon of wave-partfclc 

interactions which produce turbulence i n  the plasma. 

(4)  Differences in pitch angle dis t r ibtuions between energetic i ons  and 

electrons ( A l f v 6 n  and Falthammar, 1963; Lennartsson, 197G) 

(5) Induction e l e c t r i c  f ie lds  i n  the magnetotail caused by rapid r a t e  o f  

cha.nge of the t a i l  magnetic f i e l d  associated w i t h  substorms (Heikkila 

and Pellinen, 1 9 7 7 ) .  

O f  these poss ib i l i t i e s ,  ( l ) >  ( 2 )  and (3)  have recently a t t rac ted  great 

in t e re s t  because o f  the discovery of strong paral le l  e l ec t r i c  f i e lds  i n  the  

a l t i t ude  range 3,000 - 10,000 km by the qui te  independent t e c h i q u e s  of 

double-probes (Mozer e t  a1 . 
1976).  

para1 l e t  e l e c t r i c  f i e lds  below the F-region peak {trlozer, 1976) par t icu lar ly  

associated with auroral arcs.  Finally we note t h a t  Evans (1974) has shown 

t h a t  the energy spectrum of electrons observed i n  the auroral zone iono- 

sphere i s  w h a t  night be expected i f  there were a region of potential  drop 

above the ionosphere. 

1977) and barium cloud re?eases (Wescott e t  a1 , , 

I n  addition there has been evidence, f o r  s c w  time, o f  s ign i f i can t  

In order t a  distinguish among the various possible mechanisms f o r  the  

production of parallel  - E f i e lds ,  i t  i s  useful t o  search for  a possible diag- 

nostic tool.  One such too l  i s  electromagnetic o r  e l e c t r o s t a t i c  noise, 

which one might expect t o  be associated i*fith plasma turbulence. 

time i t  has been known tha t  noise i n  the range 100 - above 500 kHz i s  observed a t  

a l t i tudes  of - 1400 km in the vicini ty  of the auroral oval (Hartz, ?971). 

Association o f  the noise with the energetic pa r t i c l e  d i s t r ibu t ion  and e l e c t r i c  

For some 
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current configuration might allow us t o  comment on the character  and loca- 

tion of any regions o f  e lec t r i c  potefitidl drop which m i g h t  involve piasma 

turbulence responsible for  the generation of the noise. 

purposes of t h i s  research i s  t o  pursue the aforementioned approach. 

One of the primary 

We 

shall  show tha t  correlation o f  the energetic par t ic le  fluxes and noise along 

w i t h  the thermal plasma density measured by ISIS 2 can be correlated w i t h  

e l ec t ro j e t  current dis t r ibut ions over which ISIS 2 passes t o  y ie ld  important 

information on the nature o f  the acceleration of auroral par t ic les .  

Data Utilized i n  this Study 

Any e f f o r t  t o  understand the mechanisms fo r  the generation o f  magneto- 

spheric and ionospheric phenomena must, of nature, involve several stni tes 

o f  complementary d a t a .  In t h i s  s t u d y  we shall  re fe r  t o  t h e  fol?owing data: 

( i  ) Ground-based magnetic data 

Values of the three magnetic f i e ld  components (It? D, Z) were avai lable  

from the University o f  Alberta meridian l ine  (see fab le  '1) over the interval  

November 1971 - March 1972. 

every two seconds, and values were accurate to  rtl nT. Timing was achieved 

using a WAVB time code receiver and was accurate t o  tO.1 sec.. The data a t  

a given instant  of  time during each ISIS 2 pass were sampled, and l a t i t u d e  

prof i les  were constructed. A simple coordinate transforRation a1 lowed the 

data to  be plotted a s  a function of geomagnetic la t i tude  [which is almost 

ident-ical t o  invariant la t i tude  along the Alberta meridian l ine).  

prof i les  were interpreted t o  in fer  the positions of potewar-d and equatorward 

borders of  the eastward and westward e lec t ro je t s  which flowed i n  the longi- 

tudinal sector traversed by the ISIS '2 s a t e l l i t e .  

The d a t a  sample r a t e  was once pe r  component 

The l a t i t u d e  
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( i i )  E l e c t r o ~ a x t i c  .- --. . __I_ or - Electrostat ic  Noise 

Noise in the frequency range 100 - 500 kHz was measured aboard the 

The range  o f  ISIS 2 spacecraft u s i n g  the automatic g a i n  control (AGC). 

t h i s  device i s  from 0 t o  -105 db  as i t  sweeps across the relevant portion 

of the frequency band in the space o f  P\, 1 sec. Care was taken i n  the 

interpretation o f  these data due t o  the frequent appearance of a contri-  

bution t o  the "noise level' ' associated w i t h  the Z-wave cutoff and the local 

plasma frequency. 

whether or  not the s a t e l l i t e  was functioning a t  a high sample ra te  o r  not 

as regards the topside sounder; 

l a t i tude  between samples and a t  worst % 1.2" o f  l a t i t ude  Cor the data 

u t i l i zed  in th i s  study (see Table 2 for  l i s t  of ISIS 2 passes used), 

The time between noise samples varied, depending on 

a t  best the s a t e l l i t e  travefled % 0-6" of 

( i i i )  Energetic Par t ic le  Prec&itation --- 

Part ic le  fluxes in the energy range 5eV < E < 12 keV were available 

from the so f t  par t ic le  spectrometer (SPS) aboard 'ISIS 2 ,  courtesy Dr. J ,  D. 

Winningham. The data are  presented i n  the form of spectrograms (including 

values o f  number f lux and energy f lux)  and d i f fe ren t ia l  energy spectra i n  

which dJ/dE i s  plotted as a function of pa r t i c l e  energy E ( J  being the 

par t ic le  f lux) .  

pitch angles from 0 - 180" are  sampled sequentially.  

The data are effect ively continuous, although d i f f e ren t  

( i v )  Auroral Luminosity 

T h i s  information was abstracted from a paper by Wallis e t  a l .  67976) 

i n  which ISIS  2 scanning photometer data were portrayed to  show t h e  cor- 

relation between the auroral e lec t ro je t s  and auroral luminosity, The  photo- 

meter data were used t o  define the position and l a t i t ud ina l  extent of several 
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intense auroral forms a t  times corresponding to  some o f  the 3SIS passes 

used in th i s  study. I t  should be noted tha t  the a rcs  defined i n  'chi.; 

section a re  often rather broad ( u p  t o  2" i n  l a t i tud ina l  ex ten t )  and t h u s  

the positions shown i n  t h i s  study represent the average locations only. 

( v )  Thermal Plasma Density a t  1400 km 

Thermal plasma densit ies a t  s a t e l l i t e  a l t i t u d e  can be estimated by 

evaluating the local plasma frequency fN which i s  related t o  ambient 

plasma densi t ies  through the relationship 

where fN i s  i n  Hz and n e  i s  i n  par t ic les  per cubic centimeter. 

In an e a r l i e r  study, Rostoker e t  a l .  (T97%,1976) fiave estimated the 

positions of thermal plasma enhancements a t  1400 kiii for  M E I ~ Y  of the passes 

treated in the present study. Such information i s  useful -in t ha t  cold 

plasma may regulate the operation c f  plasma i n s t a b i l i t i e s  which can result 

i n  the generation of electromagnetic and e l ec t ros t a t i c  noise. 

Events Treated in th i s  Study 

Three types o f  si tuat ions a r e  dea'lt w i t h  in t h e  fallowing study: 

( I )  The s a t e l l i t e  traverses a purely eastward e l e c t r o j e t  i n  t h e  evening 

sector;  i f  there is  a weak westward electrajet  t o  t h e  north, i t  cannot 

be ident i f ied from the ground-based data. 

(2) The s a t e l l i t e  traverses bo th  the eastward e l e c t r o j e t  and an ident i f iab le  

westward e l ec t ro j e t  t o  the n o r t h  i n  the evening sec tor .  



6 .  

( 3 )  The s a t 2 l l i t e  ti.averses a purely vestward e1ectroj . t  i n  the morning 

sector.  

Figure 2 shows a polar plot of the e l ec t ro j e t s  and pass types men- 

A b a r  plot  showing the la t i tud ina l  d i s t r ibu t ion  of the e lec t ro-  tioned above. 

j e t s  for  each event, along w i t h  the noise d i s t r t b u t i o n  f o r  frequencies i n  

the range 100 < f < 500 kHz w i t h  in tens i t ies  above-70 db and the boundaries 

o f  thermal plasma enhancements a t  s a t e l l i t e  a f t i t ude  is  shown i n  F i g u r e  3 .  

In the following sections we shall discuss several typical events from the  

sample s i ze  described in Figure 3 .  

j e t s  i n  the evening sector ,  as they const i tute  the major portion o f  the 

events treated in th i s  study. 

We s h a l l  concentrate on eastward electro-  

Case 1 Eastward Electrojet  in the Late Evefil 'ny Sector 

Day 346, 1972 S ta r t  Time 0605 UT 

We shall  t r e a t  th i s  event in considerable d e t a i l ,  as  a la rge  amount 

of additional correlat ive data were avajlable i n  th is  case, I n  following 

cases we shall  emphasize points o f  agreement w i t h  this f i rs t  case, and t r y  

t o  point o u t  any inconsistencies should they a r i s e ,  

The ISIS 2 spacecraft was on a southbound pass along geographic meridian 

Q, 104"W (Q  7" eas t  of the Alberta meridian l i n e ) .  The topside somder was 

i n  the f a s t  sweep mode, yielding an 'L 14 sec. resolution for- noise data 

across the auroral oval In  Figure 4 we show the l a t i t u d e  p ro f i l e  o f  the  

ground magnetometer d a t a .  

la t i tudinal  extent i n  the la t i tude  range 65" < h < 71"N w i t h  a peak magnetic 

perturbation of < 45 nT.  

I t  reveals an eastward e l e c t r o j e t  of 5 680 km i n  

This prof i le  was s tab le  over the interval  o f  the 

pass. The shaded bar on the prof i le  represents the Tocation of noise whose 
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Figure 2: Polar p lo t  of the ionosCheric and field-aligned currents i n  the 
nightiirne sector. ' I!p\.rard f ield-align& currents a re  shown by 0 and d o m -  
ward  current; b;f@ . The w s i m r d  f l s c t r o j e t  .in the morning sec tor  flov!s 
across r.idgi3ht and cjrradually divei-5es up the f i e l d  l ines  into the evening 
s e c t s r  pole:.:ard o f  the eas tmrd  e l ec t ro j e t .  
e l ec t ro j e t  eii-ounters the poleward boundary o f  t h e  electrojet and diverges t o  
f l o w  u;.xar<!s alcni; the f i r ? l d  lines. 
d o w n m r d  cur ren t  flcw in the evening s x t o r ;  . th is i s  the plienorienon o f  net 
f i e l d - a ?  i ; :nsd c L j r i * r f i t .  

S o w  current from the  eastwsrd 

Kote t h e  C X C ~ S S  o f  r y w a r d  compared t o  

06  
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Figure 3: Summary plot  of the la t i tudinal  extent of  eastward (open bars f 
and westward (dotted bars) e lec t ro je t s .  
f a t i  tudinal extent of regions where noise amp? itudes exceed 
-70 db  (ve r t i ca l ly  hatched bars) and the boundaries o f  thermal 
plasma peaks for  some events (indicated by small ver t ical  arrow- 
heads). For some westward e lec t ro je t s  poleward o f  the eastward 
j e t ,  poleward borders were n o t  easi ly  ident i f iable .  T h i s  i s  
indicated on the p l o t  by the symbol "?".  For passes through 
the dayside c l e f t ,  the la t i tude  o-f the associated thermal o l a l ;m  

Also shown i s  the 
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amplitude exceeded - 70 db .  

on which the la t i tud ina l  extent of the eastward e l ec t ro j e t  is i n d i e t e d  by 

The noise spectra are  shown in Figure 5 ,  

the horizontal b a r  beneath the spectra. 

i s  indicated i n  the lower panel as i s  the frequency scale which covers 

the range 100 < f < 500 kliz. 

The amplitude scale of the noise 

For t h i s  event, al l-sky camera data from t he  high la t i tude  s ta t ion af 

Fort Smith (67.3"fI) were available. 

covering most o f  the sky over t h a t  s ta t ion w i t h  a d i scre te  a rc  l y i n g  approx- 

imately 260 km n o r t h  of For t  Smith a t  

close t o  the poleward border of  the eastward e l e c t r o j e t ,  and given the 

resolution of the magnetometer array a t  high l a t i t u d e s ,  may well have been 

located a t  the poleward border of the eastward e l ec t ro j e t .  There rnay have 

been arcs further poleward of  69.SoN, b u t  the all-sky camera d i d  n o t  cover 

t h a t  f i e ld  of view. 

These data revealed a diffuse aurora 

69.5"N. Phis arc appears t o  l i e  

I t  can be seen from Figure 5 t h a t  the noise level b u i l t  up s teadi ly  

for  approximately 200 km as the s a t e l l i t e  appruached the poleward border  of: 

t h e  eastward e lec t ro je t .  

frequency band 100 < f < 200 kHz. 

of  the eastward e l ec t ro j e t  and approached t h e  d i scre te  arc., there was a 

marked increase in high frequency noise with the maximum bandwidth being 

attained approximately a t  the l a t i t ude  of the d iscre te  arc.  

southward resulted in a loss of the high frequency components w i t h  ra ther  law 

noise levels being present i n  the equatorward portion of the e l ec t ro j e t .  

seems t o  be a s l i gh t  secondary peak equatorward o f  the main reg ion of noise 

(spectrum 1 4 ) ;  

a rather common feature for  evening sector passes. 

Up t o  t h a t  border the noise was confined t o  the 

As the s a t e l l i t e  crossed the poleward barder 

Further passage 

There 

as we shall  see in l a t e r  exanipTi\s, t h i s  secondary peak is 
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In  Figure 6 we show the spectrogram o f  energetic electrons measured 

by the so f t  par t ic le  spectrometer (SPS) aboard ISfS 2 .  The top panel 

shows the spectrum fo r  electrons i n  the energy range70 < E < 10,000 eV. 

The second panel shows the pitch angles o f  the par t ic les  being sampled 

( 0  = 180" for  the detector looking down the f i e l d  l ines  sampling upcoming 

par t ic les ) .  The third panel shows the number f lux while the fourth panel 

shows the energy f l u x .  All quant i t ies  a re  plotted on a logarithmic scale .  

The abscissa shows the magnetic local time (MLT), invarient l a t i t u d e  and 

Universal Time of the pass. The times o f  individual noise spectra shown 

i n  Figure 5 are  indicated on the Figure. 

tude greater than - 70 db  i s  bracketed by spectra 8 - 14 inclusive. The 

appearance o f  the high frequencies ( f  > 200 kHr)  clear ly  corresponds t o  the 

The region of  noise w i t h  ampli- 

appearance o f  intense fluxes of electrons in the range of hundreds of eV 

to  several ke\l over the la t i tude  range 70" < A < 72"M. This reg ion  un- 

doubtedly corresponds t o  the discrete  arc detected by the al l -sky camera 

% 7" t o  the west o f  t h e  s a t e l l i t e  subtrack. The electron fluxes decrease 

markedly near 70"N and suffer  a secondary enhancement ( i n  the region of the 

previously mentioned secondary enhancement i n  noise level]  around 66 - 68"N. 

Based on these data, we would contend t h a t  the region between 70 - 

72"N marks f i e ld  l ines  on which energetic electrons are  accelerated and 

noise i s  produced. 

presenting a se r ies  of different ia l  spectra i n  Figure 7 covering the interval 

0609:04 UT t o  0609:27 UT which marks the passage o f  the s a t e l l i t e  across the 

poleward boundary o f  intense electron precipitation, (see spectrum 8 i n  

Figure 5 ) .  

get ic  stream of electrons with peak energy fluctuating between 1-4 keV; the 

We shall therefore look more closely a t  t h i s  region by 

There i s  c lear ly  a region where there i s  a re la t ive ly  nmre ener- 



Figure 6:  Electron spectrogram for  the s o f t  pa r t i c l e  spectrometer 
(SPS) aboard  the ISIS 2 spacecraft. 
a grey scale with intense fluxes being shown by dark  regions. 
The energy scale i s  logarithmic ranging from 10-70,OOO eV 
on the t o p  panel. The second panel shows the pi t ch  angle 
dis t r ibut ion ( fo r  e = 180" the detector points dowrr the f ie ld  
l ines  and  detects ubward moving f luxes) .  
panels show number f l u x  ana energy f l u x  respectively on a 
logarithmic scale.  The vertical  arrows refer t o  noise spectra 
shown in Figure 5. T h i s  spectrogram i s  fo r  Day 346, 1971 
for which Figure 4 shows the la t i tude  profile. 

Energies are  given on 

The two bottom 
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change i n  peak energy as the s a t e l l i t e  moves equatorward suggests tha t  this 

i s  an inverted V event. T h i s  observation can be compared w i t h  the r e su? t s  

of Meng (1976) who has reported s imilar  beams o f  electrons associated w i t h  

quiet  discrete  evening auroral arcs.  

space dis t r ibut ion of these par t ic les  features a posi t ive slope i n  the 

direction along the magnetic f i e ld ;  

a t  0609:09, 0609:13 and 0609:17 UT in Figure 7. 

developed a theory fo r  the generation o f  e l ec t ros t a t i c  noise by beams o f  

electrons with velocity space dis t r ibut ions such a s  those mentioned above; 

B I 

He has observed tha t  the velocity 

such a s i tua t ion  is  c lear ly  evident 

Maggs (1976, 1977) has 

we shall return t o  this point i n  the discussion section. 

The main features of t h i s  event can be summarized as follows: 

Enhanced noise levels appear near the poleward border and i n  the 

poleward p o r t i o n  o f  the eastward e l ec t ro j e t -  

(1) 

(2) The noise tends t o  be a t  lower frequencies outside d iscre te  auroral 

arcs ,  and acquires i t s  highest frequency content inside the arc. 

(3)  There may be modulation o f  the noise level inside the eastward electro-  

j e t  so  tha t  secondary maxima may be observed. 

( 4 )  The equatorward p o r t i o n  of the eastward e l e c t r o j e t  has very low noise 

levels associated with i t .  
i 

We shall  re fe r  t o  these conclusions in treating subsequent special events. 
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Case 2 Eastward Electrojet  i n  the  Evening Sector 

Day 4 ,  1972 S t a r t  time 0524 I;T 

The s a t e l l i t e  was on a southbound pass along geographic meri%dian 2, 

12O"W (% 9" west of the s ta t ion l i n e ) ,  and the topside sounder was i n  the 

f a s t  sweep mode. 

magnetometer d a t a .  

tudinal extent i n  the la t i tude  range 64 c A < 72"N w i t h  a peak perturbation 

o f  % 60 nT. Again the  

shaded b a r  shows the region of noise with amplitude greater than -70 db. 

The noise spectra are shown in Figure 9. For t h i s  event, auroral a rc  posit ions 

In Figure 8 we show the la t i tude  prof i le  o f  the  ground 

I t  depicts an eastward e l e c t r o j e t  o f  Q 890 km i n  l a t i -  

The prof i le  was s table  over the period of the pass. 

as well as the la t i tudinal  regime of the diffuse auroras were available f r om 

Wallis e t  a l .  , (1976). 

obtained by Wallis e t  a l .  are corrected for  a'lbeda by sh i f t i ng  them by qz 1" 

The boundaries o f  the d i f fuse  aurora or iginal ly  

of la t i tude .  

As for  case 1 ,  the noise bui d s  up in amplitude as the s a t e l l i t e  

approaches the poleward border of the eastward e l ec t ro j e t .  

in tensif icat ion occurs between 73 5 - 74.2% (spectrum 7) w i t h  the high 

frequencies becoming very strong; 

then reappear near 72"N (spectrum 1 0 ) .  

maximum near 70°i\l, although i t  i s  lacking in high frequencies compared t o  

the higher frequency noise regimes. The equatorward half o f  t h e  eastward 

e l ec t ro j e t  i s  completely devoid of noise. 

A major noise 

the high frequencies disappear br ie f ly  and 

There i s  a c l ea r  secondary noise 

I n  Figure 10 we show the spectrogram o f  the energetic electrons 

measured by the SPS. 

appear t o  correlate  w i t h  the intense fluxes of electrons between 74-75"N 

(spectrum 7 )  a1 though there i s  a curious lack o f  noise i n  the heart o f  the 

region o f  precipitation. 

The region of noise near 74"N wouldJ on f i r s t  s i g h t ,  

There i s ,  however, a c l ea r  region o f  intense 
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par t ic le  fluxes in the la t i tude  range % 72.5 - 73.5"N overlapping the region 

of higher noise r ich i n  high frequencies. 

regions of energetic electrons (from 74-75"N and 72.5-73.5'11) i s  t h a t  the 

The only difference h?-twtteo the 

lower l a t i  tude regime contains s ignif icant  fluxes of h i g h e r  energy electrons 

(1-2 keV). I t  i s  interest ing t o  note tha t  no auroral a rc  was ident i f ied  

a t  74-75"N, although t h a t  la t i tude roughfy marks the poleward border o f  the 

diffuse auroral oval. On the other h a n d ,  an arc i s  ident i f ied betlieen 

72-73"N which probably correlates with enhanced noise level and the presence 

of s ignif icant  fluxes of keV electrons. Finally He no te  t h e  enhanced noise 

i n  the la t i tude  range 69-70" which correlates w i t h  an auroral a rc  near 69"N 

and enhanced par t ic le  precipitation a t  the same la t i tude .  The f ina l  arc? 

near 66"N, appears t o  have no related noise, and  marks the equatorward border 

of the region o f  electron precipitation. 

The  observations for Case 2 are  i n  complete accord w i t h  the observations 

for  Case 1 .  I n  addition, i t  would appear t h a t  electrons w i t h  energies below 

'L 1 keV are n o t  necessarily associated w i t h  the production of  noise ( p a r t -  

icular ly  above % 200 kHz) o r  the generation of ident i f iab le  d i sc re t e  arcs. 

Case 3 Eastward Electrojet  in the Early Evening Sector 

Gay 10, 1972 S ta r t  time 0330 UT - 
The s a t e l l i t e  eras on a s o u t h b o u n d  pass along geographic meridian % 98'N 

(% 13" eas t  o f  the s t a t i o n  l i n e ) ,  and the topsid? sounder was i n  the f a s t  

sweep mode. I n  Figure 11 we show the la t i tude  p ro f i l e  of the ground magneto- 

meter data. I t  depicts an eastward e l ec t ro j e t  of % 830 km i n  fa t i tud ina l  

extent i n  the la t i tude  range 67.5 < A < 75"N w i t h  a peak perturbation of 

% 70 nT. The prof i le  was s table  over the period of the pass. Again the shaded 
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b a r  shows the region of noise with amplitude greater than -70 db. 

spectra a re  shown i n  Figure 12 .  

e t  a l .  and the diffuse aurora via5 observed in the l a t i t u d e  range 66' .= A < 77"N. 

The energetic electron spectrogram from the SPS i s  shown i n  F i g u r e  13. 

The noise 

Auroral data were available from Wallis 

Again, as i n  the two previous cases, the noise level b u i l d s  up  a s  the 

sate1 1 i t e  approaches the poleward border of  the eastward eTectrojet .  In this 

case an auroral arc i s  si tuated approximately a t  the poleward border of  the 

eastward e l ec t ro j e t ,  and there i s  an intense flux o f  energetic e lectrons 

(with energies up t o  r, 4 keV) and strong noise a t  t h i s  location. 

l i t e  passes through sofie structured arcs  i n  the l a t i t ude  range 71-73"N; 

where the electron fluxes have energies reaching 'L 'I key. The noise i n  this 

la t i tude  railge i s  somewhat redwed; 

The  sa te l -  

this i s  perhaps related t o  the drop i n  

the peak energy o f  the electrons,  and would agree w t h  a sim-ilar observation 

made for  Case 2. 

electron fluxes w i t h  peak energies between 5-10 keV; 

a t  'L 68.5"N s i t s  in t h i s  region, however the noise ainpfitirdes are ra ther  low 

(with the exception of a brief secondary enhancement a t  

typical of the two previous cases).  Clearly the presence o f  fluxes o f  ener- 

get ic  electrons in the energy range > 1 keV does n o t  necess i ta te  the pro- 

duction of noise. I t  may well be t h a t  b o t h  the presence of such energies 

i n  the electron spectrum and a posit ive gradient i n  velocity space a r e  

necessary t o  ensure the production o f  noise. 

The region from 'L 67-5  - 71"N Ts dcminated by energetic 

an auroral a rc  centered 

70"N, which i s  

Again, the equatorward portion of the e l ec t ro j e t  i s  devotd o f  noise,  

despite the presence of an auroral arc  j u s t  n o r t h  of  68"N. 

noted t h a t  the equatorward border o f  the e l ec t ro j e t  i n  this case is sorvewhat 

more d i f f i c u l t  t o  define,  since the AZ profi le  is  rather i r r egu la r  and there 

I t  shou ld  be 
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are two possible explanations for the i r regular i ty .  

l a t i tude  range 60-67"N i s  due to  the ena efi'ezt o f  the S ' cur-rent system 

whose currents a r e ,  i n  p a r t ,  diverted up magnetic l ines  o f  force a t  t h e  

conductivity d i  scontinui ty marked by the dusk terminator (Ros toker e t  a? -, 

1977), then the ident i f icat ion of the equatorward boundary o f  the electro-  

I f  the + A Z  i n  t'rle 

9 

j e t  associated with the auroral luminosity i s  correct  as stands. 

the i r regular  behaviour of AZ is due t o  the f ac t  t ha t  the current i s  non- 

I f  however, 

uniformly dis t r ibuted across the e l ec t ro j e t  (viz.  the current is more i n -  

tense a t  the poleward border), Kisabeth (1972) has shown t h a t  the equator- 

ward border o f  the e l ec t ro j e t  could be as  'tow as % 62"N. 

Case 4 Eastward Electrojet  in the Evening Sector with a 

Weak Nestward Electrojet  t o  the NorJt& 

Day 11, 1972 S ta r t  time 0408 UT __-___ 

The s a t e l l i t e  was on a southbound pass a l o n g  geographic meridian % 

109"W (% 2" t o  the eas t  of the s ta t ion line). 

the s a t e l l i t e  was i n  the f a s t  sweep mode. 

magnetic perturbations a t  0413 UT i s  shown i n  Figwe 1 4 ,  and indicates an 

eastward e l ec t ro j e t  i n  the la t i tude  range 64 < d < 74"N w i t h  a maximum per- 

turbation of % 120 nT. 

existence o f  a westward e lec t ro je t  poleward of  74%. 

The topside sounder aboard 

The l a t i t ude  profile o f  the ground 

The +AZ a t  the most poleward s ta t ion  sugGests the 

The prof i le  was 

relat ively s table  over the interval o f  the pass, although the pass took 

place d u r i n g  re la t ive ly  a high level of ac t iv i ty  ( K  The shaded 

bar again indicates the region o f  noise w i t h  amplitude greater  than -70 db; 

= 4 - ) *  
P 

the noise spectra are  shown in Figure 15 and the energetic electron data 

are  shown in Figure 16. Aga in ,  data fram the paper of klallis e t  a l .  revealed 
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a diffuse auroral oval extending over thz region 63 < A < 77"N w j t h  d i scre te  

arcs centered a t  Idti tudes o f  'L 75-76"i:, 72-725Li, 63"N and 67"M, 

Again the s a t e l l i t e  encountered a buildup i n  ttoise level as  i t  ap- 

proached the poleward border of the eastward e l ec t ro j e t .  

case high noise levels rich in the higher frequencies (f =. 200 ki-iz) were 

encountered n o r t h  o f  the poleward border o f  the eastward e lec t ro je t .  

region of enhanced noise coincided with strong fluxes of energetic elec- 

trons whose peak energies ranged from Q 1-3 keV. 

region of noise and auroral luminosity i n  the form of an arc  which appears 

t o  coincide with some westward ionospheric current flow. A t  the predicted 

position o f  the poleward boundary of the eastward e l ec t ro j e t ,  there is  a 

marked decrease in energy f l u x  and the peak energy of  the electrons drops 

below 1 keV; 

there i s  a noticeable decrease in the amplitude of  the noise. 

level builds u p  again towards 72"N where a sscond auroral arc i s  ident i f ied ;  

in th i s  region, again peak electron energies exceed 7 keV. Equatorward 

of 72"N the noise becomes markedly less  intense and more e r r a t i c ,  e f fec t ive ly  

disappearing equatorward of Q 69"N near the center of the eastward e lec t ro-  

j e t .  

and  two arcs are obserJed near 67" and 68"N, the noise i s  c lear ly  absent i n -  

dicating t h a t  energetic electron fluxes w i t h  peak energies greater than 1 keV 

and enhanced auroral luminosity are apparently necessary b u t  n o t  su f f i c i en t  

conditions for  noise generation. 

in Case 3. 

However, i n  this  

This 

This, therefore i s  a 

associated with th i s  d r o p o u t  in the more energetic electrons,  

The noise 

Even t h o u g h  strong fluxes of energetic electrons extend down t o  Q 66"N, 

These conclusions confirm those reached 
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-- Case 5 Eastward e l ec t ro j e t  i n  the Evening Sector W i t h  a 

Westward Electrojet  t o  the i\!orth 

Day 17, 1972 

The s a t e l l i t e  was on a southbound pass along geographic meridian 115% 

(% 4" west of the s ta t ion  l i ne ) .  The topside sounder  was i n  the f a s t  sweep 

S t a r t  time 0406 UT -- 

mode. The la t i tude  prof i le  of the magnetic perturbation pat tern,  shown in 

Figure 1 7 ,  indicates a strong rather narrow eastward e l e c t r o j e t  i n  the l a t -  

itude range 62 < h- < 67"N with a maximum perturbation o f  % 'I50 nT. There 

was a ra ther  broad region of  westward current f'iaw north of t h e  eastward 

e l ec t ro j e t ;  the general level o f  ac t iv i ty  dur i f ig  this peric;d was rather  

h i g h  ( K  = 40) .  The noise above -70 db  i n  amplitude i s  i n d i c a t e d  by the 
P 

shaded bar in Figure 1 7 ,  while the nciise spectra themselves are shown in 

Figure 18 and the SPS electron aata in Fijlure 19. 

The region pofewarc! of  the northern border o f  the eastward e l e c t r o j e t  

i s  f i l l e d  with noise in the frequency range 100 < f <: 200 ktiz up t o  72-73"N. 

This poleward boundary i s  precisely tha t  assigned by ILkllis e t  a ] .  t o  the 

poleward boundary of t h e  auroral oval ( the equatorward baunctary b e i n g  set - 62"N). 
i n  which range the noise has a markedly h i g h e r  frequency content (spectra 

6 and 7 ) .  The SPS indicates enhanced electron fluxes equatorward of 'L 73"N 

when i t  crosses the poleward border of the aurura7 oval, I t  i s  in te res t ing  

t o  note tha t  the "burst" o f  electrons a t  73% has peak energies of < 1 keV, 

no ident i f iab le  auroral arc  and no high frequency f f  > 200 kHz) noise con- 

t a c t  (although lower frequency noise appears t o  be enhanced a t  t h a t  boundary). 

As t he  s a t e l l i t e  moves equatorward i t  encounters an arc a t  69-70"N, 

There i s  a noticeable d r o p  i n  noise level nea r  the poleward boundary 

o f  the eastward e l ec t ro j e t ,  which appears ta coincide w i t h  a drop  i n  peak 
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Figure f 7 :  Same as Figtire 4 except for Day 17, 1972 zt 0408 UT. 
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electron energy t o  below 1 keV. 

j e t  i s  marked by an a rc  which appears t o  be associated with intense fluxes 

o f  electrons (peak energy > 1 keV) and a noise spectt-urn rich i n  the higher 

frequencies. 

associated noise which becomes progressively weaker and less  rich i n  the 

higher frequencies as one moves equatorward. 

iated energetic electrons (peak energy > 1 key) b u t  T i t t l e  or no associated 

h i g h  freqtiency noise. 

The poleward border of  the eastward electro-  

The intense electron fluxes from 64-6794 appear t o  have 

The arc  a t  'L 65"N has assoc- 

The portion o f  the eastward e l e c t r o j e t  equator- 

ward of 65"N has no associated noise. 

therefore,  paral le ls  t ha t  of the events t reated e a r t i e r  in a11 respects, 

The general behaviour o f  t h i s  case3 

Case 6 Eastward Electrojet  i n  the Dusk  SecLor w i t h  

Westward Current t o  the North 

Day 1 9 ,  1972 S ta r t  time 0329 UT 

This i s  a par t icular ly  unusual event which involves an extremely 

quiet  auroral oval in which S is  an important f a c t o r  i n  the determination 

o f  the magnetic perturbation pattern.  
9 

Rostoker e t  a1 . (1977) have shown 

t h a t  the magnetic perturbation pattern (portrayed by the l a t i  tude p ro f i l e  

shown in Figure 20) indicates t h a t  the s ta t ion l i n e  i s  a b o u t  one time zone 

t o  the eas t  o f  upward current flow which stems from the eastward e l ec t ro j e t  

current i n  the post-noon quadrant a5 i t  diverges up the f i e l d  l ines  a t  the  

conductivity discontinuity associated w i t h  the d u s k  terminator. 

The s a t e l l i t e  was on a southbound pass a long  geographic meridian 'L 108V 

('L 3" e a s t  of the s ta t ion -1 ine) .  

slow sweep mode par t  way t h r o u g h  the pass. 

The  sounder switched from the f a s t  ta  the 

T h e  'F'atitude prof i le  o f  the 

magnetic perturbations points t o  an eastward e l e c t r o j e t  w i t h  a poleward border 
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near % 73-74"N and an equatorward bardcr near CL 68-69"N. 

a t  l w  la t i tude  i s  t h o l i g h t  t o  be the edge e f f e e c  O F  the. edstward e l z c t r o j e t ' s  

associated north-south Pedersen current and Birkeland current  sheets a t  the 

conductivity discontinuity which ex i s t s  a t  the d u s k  terminator.] 

j e t  magnitude i s  ra ther  weak (peak amplitude being Q, 30 n T > ,  and the system 

was s table  over the interval of the pass. 

the north indicate westward current flow poleward of the eastward e lec t ro je t .  

The shaded bar i n  Figure 20 indicates the region of noise w i t h  mpl i tude  

greater than -70 d b ;  

electron data in Figure 2 2 .  

[The large +-AT 

The electro-  

Posit ive nZ and negative AH t o  

the noise spectra a re  shown i n  F i g u r e  21 and the SPS 

As i n  a l l  previous cases, the lower frequency noise (-100 < f < 200 kHz) 

builds i n  amplitude as the s a t e l l i t e  approaches the po7eward border of the 

eastward e lec t ro je t .  A t  the poleward border there  i s  a marked enhancement 

of energetic electron fluxes w i t h  peak energies exceeding % 5 keV. 

t h o u g h  the sweep ra te  unfortunately changed from f a s t  t o  slow mode a t  this 

time, spectrum 6 (Figure 21 ) clear ly  shows enhanced amplitude and a r icher  

high frequency portion of the noise spectrum i n  the region of enhanced keV 

electron fluxes. [Although auroral data were n o t  avai lable  for this pass, 

we would predict  a discrete  auroral arc  o r  group of arcs i n  the la t i tude  

range 72-73"N.] 

range 68 < A < 72"N featured no s ignif icant  noise although there were 

energetic electron fluxes with peak energies greater  t h a n  1 keV, 

A l -  

The equatorward portion o f  the e l e c t r o j e t  i n  the la t i tude  
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Case 7 Substorm Westward Electrojet  i n  the Evening Sector 

Day 360, 1971 S t a r t  time 0525 UT 

I t  i s  n o t  common t o  have the opportunity t o  study polar o r b i t e r  data 

when the s a t e l l i t e  i s  known to have passed through a substorm disturbed 

region in the heart  of the expansion phase. 

i l i t y  of carrying out just such a study. 

T h i s  pass yielded the possib- 

The s a t e l l i t e  was again on a southbound pass along geographic meridian 

'L ll0"W (% 1" eas t  o f  the s ta t ion l ine) .  The topside sounder was i n  the  

f a s t  sweep mode, however, unfortunately no data were received equatorward 

of 'L 63"N. Nonetheless, most o f  the dynamic ac t iv i ty  was concentrated near 

the poleward border o f  the substorm d i s t u r b e d  region so there was much t o  

learn from this event. 

The la t i tude  prof i les  d u r i n g  the interval of the pass showed rapid 

magnetic variations of large magnitude, as  one m i g h t  expect d u r i n g  a sub-  

storm expansion phase. Figure 23 shows a prof i le  near the time of the s a t e l -  

l i t e  passage over the poleward portion o f  the e l ec t ro j e t .  

auroral zone and low l a t i t ude  magnetograms i n  the North American sector  

reveal t h a t  the substorm sequence (Miens and Rostoker, 1975) was i n i t i a t e d  

i n  eastern North America pr ior  t o  0500 UT, and entered the longitudinal 

region o f  the Alberta s ta t ion line Q, 0510 UT. 

approximately a t  the time o f  the ISIS pass. 

23 reveals a strong westward e l ec t ro j e t  w i t h  a double peak; 

t i ve  of a strong westward e l ec t ro j e t  w i t h  equatorward border near 'L 64"N 

w i t h  an intense poleward segment whose poleward edge l ies  near Q, 73.5"N. 

Peak magnetic perturbations across the e lec t ro je t  region reach - 500 nT. 

A study o f  other  

The  peak disturbance occurred 

The l a t i t u d e  p r o f i l e  i n  Figure 

t h i s  is indica- 

The shaded bar i n  Figure 23 again indicates the region o f  noise w i t h  amplitude 



Figure 23: Same as  Figure 20 except for  Day 360, 1972 a t  0524 UT. 
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greater than -70 db;  the noise spectra are  shown in Figure24 and the SPS 

electron data appear in Figure 25.  

As the s a t e l l i t e  moved equatorward from the polar capl a s l i g h t  i n -  

crease in noise level was observed a t  the predicted poleward border o f  the 

substorm westward e l ec t ro j e t  'L 73-74"N (spectra 4 and 5 i n  F igu re  24)  b u t  

the most intense noise was n o t  encountered until the sa t e l l l ' t e  was well 

w i t h i n  the borders o f  the westward e lec t ro je t .  

electron spectrogram (Figure 25, arroili 7 )  shows a small enhancement of elec- 

trons w i t h  energies o f  Q I keV and below. Further south, i n  the l a t i t u d e  

range 69" < A < 71.5"N, a large flux o f  i t o  E: keV electrons is  found t o  

correlate  w i t h  intense noise w i t h  an uppe r  frequency cutoff of Q 300 kHz. 

A t  this time, t h e  SPS 

I t  i s  interest ing t o  note, however, tha t  Si? the region north of 71.5"N 

there i s  an absence o f  energetic electrons even though the no-ise i s  s t i l l  

quite s t rong  (see spectra 7 and 8) .  

known t o  be confined a t  times to  rather narrow longitudinal sec tors ,  one 

might expect tha t  the noise could be coming from a source region s l i g h t l y  

Since substorm current systems are 

t o  the eas t  of the s a t e l l i t e  subtrack. In t h i s  case the particle detectors 

would not necessarily encounter the energetic electrons responsible f o r  the 

generation o f  the observed noise. 

observe the prof i le  shown i n  Figure 23 even i f  i t  were o f f  the  edge of an 

intense substorm westward. e lec t ro je t  element; t h u s ,  f o r  substorm events 

I n  addition the magnetometer l i n e  would 

where short e lec t ro je t  elements are n o t  atypical such ambiguities can 

ex i s t  in ident i f icat ion o f  overhead current flow, 

Centered a t  'L 67"N i s  less  intense noise associated w i t h  the observed 

flux o f  electrons ranging in energies u p  t o  'L 4 key (see Figure 25 arrows 

14 and 15).  The only noise associated with the enhanced current  f l o w  i n  
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the southern p a r t  of the e lec t ro je t  (see Figure 23) occurred between 64" and 

65"N. 

iwncement of  low energy electrons ($ 100 eV and below). 

be careful i n  the ident i f icat ion o f  the source region since the southern par t  

of the current system was f a i r l y  active during this event, 

source regions eas t  and west of the s a t e l l i t e  could a l so  ex is t .  

respect i t  i s  worth pointing o u t  t ha t  the intense fluxes of low energy 

( E  s 100 e\,) electrons equatorward of  64"N have no associated noise ( the  

noise prof i les  are  riot shown here). 

associated with noise and others are  n o t ,  or indeed the longitude o f  the 

source region w i t h  respect t o  the s a t e l l i t e  subtrack must be considered. 

A t  this position, the electron spectrogram shows a number f l u x  en- 

Again,  one m u s t  

Kore intense 

In  this 

Thus, e i the r  some lo,$$ energy fluxes a re  

Discussion o f  the Data -- 

(i Phenomenol ogy o f  the noise di s t r i  buti on 

We begin oui- discussion by studying the bar char t  shown i n  Figure 3 t o  

ascertain the relationship between the noise measured aboard the s a t e l l i t e  

a t  1400 km and the current carrying ionospheric e l e c t r o j e t  regions, The 

following conclusions, supported by the more detailed case s tudies ,  a r e  a s  

fol 1 ows : 

(1) 

(2) 

Noise i s  absent in the equatorial portions of eastward e l ec t ro j e t s ,  

P,ll eastward e lec t ro je t s  have noise i n  t h e i r  poleward portions and 

poleward of t h e i r  northern borders. 

All westward e l ec t ro j e t s  i n  the evening sector have associated noise. 

There i s  no apparent correlation between noise and thermal plasma 

enhancements .a t  1400 km. 

(3) 

(4) 
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These general observations can be supplemented by additional conclusions 

reached using the more detailed correlated data (auroral luminosity and 

energetic electron fluxes) presented i n  the case studies. 

conclusions a re  as  follows: 

Then additional 

( 5 )  Low frequency ( f  < % 200 kHz) noise may be observed outside the region 

of energetic electron fliixes or  in regions where peak energies a re  

below 1 keV i n  the poleward portion of the e l e c t r o j e t .  

low frequency noise may be detected above the equatorward portion of 

the e l ec t ro j e t .  

High frequency noise ( f  < Q, 200 kHz) appears only in regions where the 

peak energy o f  the energetic electron f tw  exceed.s % 1 keV and where 

discrete  aurora l  arcs are ident i f iable  i n  t h e  poleward portion o r  

poleward o f  the eastward e l ec t ro j e t  i n  the evening sector.  

The center of an auroral arc appears t o  b2  the s i t e  of the highest: 

noise frequencies and amplitudes. 

creases as one rr;oves away on e i the r  s ide o f  the auroral a r c  as shown 

schematically i n  Figure 26. 

Low amplitude 

( 6 )  

(7) 

The  h i g h  frequency content de- 

We shai 1 now expf ore the re1 a t i  onship between auroral arcs ,  energetic 

electrons and noise i n  more de t a i l .  First we note t ha t  i t  i s  becoming 

increasingly apparent tha t  auroral arcs i n  the po'Ieward region o f  the auroral  

oval are associated with 'inverted-V' s t ructures  i n  e lectron energy spectro- 

grams reported by Frank and Ackerson (1972) and Ackerson and Frank (7972). 

These s t ructures  were proposed by Gurnett (1972) t o  b e  the s i te  o f  e l e c t r i c  

potential configurations such as tha t  shown i n  Figure 27. Therefore the 

'inverted-V's'  also are  associated with an e l e c t r i c  f i e l d  reversal and with 
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Figure 26: Schematic diagram showing the variation of the maximum frequency 
of noise i n  the frequency range 100 < f < 500 kHz across the region 
o f  an auroral arc. 



27. 

downward field-aligned currents a t  the edges and upward field-aligned 

currents a t  Lhe center o f  the structure.  

e t  a1 . (1975) have discussed the energetic pa r t i c l e  precipi ta t ion pat terns  

in the evening sector  in sone de ta i l .  

the plasma sheet mapping t o  the poleward and equatorward portions of t h e  

evening sector auroral oval as different  enti  t i e s .  ~ ~ ~ i n n i n ~ h ~ ~  e t  a l .  

Burrom (1974) and ~ ~ i ~ n i n g h a ~  

Both tend t o  reg.rd the regiovls of 

(1975) have termed the poleward por t ion  the boundary plasma sheet  (bps) 

and  the equatorward portion the central plasma sheet (cps) e 

ology o f  these regions can be understood as  fellows. 

region are  re la t ive ly  freshly injected into the plasma sheet and a re  irr the 

process o f  being accelerated. There i s  every indication tha t  the accelera- 

tion processes are a t  ra ther  low a l t i t ude ,  and paral le l  e l e c t r i c  f i e l d s  

winich are good candidates for the acceleration mechanism have been i d e n t i f i e d  

a t  high la t i tudes  by !iescott e t  a l .  (1976) and bloz2r e t  af.  (7977). 

The phenomen- 

Electrons i n  the bps 

Since there i s  a westward e l e c t r i c  f i e ld  i n  the evet2ing sector auroral 

oval (iilozer and Lucht, 1974) the electrons will  follow - -  E x B d r i f t  motion 

w h i c h  will cause t h e i r  equatorial plane crossings t o  move progressively 

earthward. 

approach the inner edge o f  the plasma sheet. I t  then appears l i ke ly  t h a t ,  

by the time the electrons have passed the boundary between t h e  hps  and t h e  

cps, many have beerl accelerated up t o  the keV energy range prov id ing  a 

Thus par t ic les  i n  the bps will gradually enter  the cps and 

spectrlrm ranGing f r o m  eV t o  key. 

by Fermi and betatron acceleration processes, and would be re1 atively minor. 

Ne therefore see the noise observed poleward o f  the eastbmrd e l e c t r o j e t  and 

i n  the poleward portion o f  the eastward e l ec t ro j e t  as being associated w i t h  

electron energization and the coincident production of discre te  auroral  arcs .  

Any subsequent energization would be caused 



I 

ALTITUDE 1 - - - - - -  . 

CURRENTS CURREN 

Figure  27: E lec t r ic  potential d i s t r ibu t ion  associated w i t h  an auroral arc  
( a f t e r  Burcli e t  a l . ,  1976). 
f i e l d  conffguration w i t h  a l t i t u d e  cssociated wi th  the po ten t i a l  
drop para l le l  t o  i a p ? i i c  1 i t E S  crf force. 

:lot? the change i n  hor izonta l  e l e c t r i c  
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The diffuse aurora i n  the equatorward portion of the westward e l e c t r o j e t  

and any discrete  Etru in th i s  region do ;tot necessarily have a s s m i a t d  

noise. Occasionally noise will be observed i n  this region b u t  i t  is 

generally very low frequency with an upper frequency cutoff o f  2r 200 ItWz. 

We therefore claim t h a t  m i s e  with fpequeizcies u p  -bo CL 500 kaz ( the  Zoza'l, 

pZasrna frequency) is genercxtsd in the  bps c u i  is associated with d i scre t e  

auroraZ n ~ c s  a d  'i-m~ted-V' structures i?? the enmget ic  eteckron spectra- 

~ P C U ~ S .  Based on o u r  study o f  the energetic electrons in Case l ,  we would 

fur ther  claim t h a t  the  e'lectron precipitation uoutd ham t o  f e a t m e  mono- 

energetic fZzlmas of sueh in tens i ty  that  there WOUM be a posi6ive stope 

in veloci ty  space for e lac trom with energies above 1 keIr. 

the mechanisms for  the production of the noise and the explanation of the 

phenomenology o f  the noise behaviour in the next section. 

We shall  discuss 

( i i )  Mechanism f o r  the Production o f  Noise i n  the Frequency Range 

100 < f < 500 kHz 

In searching f o r  the source o f  noise i n  the kHz range, i t  i s  natural t o  

seek some form o f  wave-particle interaction which can lead t o  the production 

o f  the noise i n  a manner which r e f l ec t s  the observed power levels.  Some work 

on noise i n  the frequency range studied in this report  has  been carr ied o u t  

in the past .  

tha t  the experimentally observed power fluxes of VLF hiss i n  the  dayside-cusp 

ionosphere are too  large t o  be produced by incoherent Cerenkov 

We note, in par t icu lar ,  the work of Janes (1973) who has shown 

radiation 

from precipitating electrons.  Taylor and Shawhan (1974) have made a comparison 

of a very intense VLF hiss and an observed electron spectrum observed by 

I n j u n  5 spacecraft a n d  found t h a t  the power expected from Cerenkov radiation 

are  two orders of magnitude too  small. They concluded tha t  a pa r t i a l ly  
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coherent o r  amplified 

in the a l t i t ude  range 3,000 - 10,000 km. 

Cerenkov sourcF! o r  ZP ins-hbili , ty i s  possibly I G C ; . , ~ ~  

Maggs (1976) has calcutated theo- 

re t ica l  power flux levels  of incoherent Cerenkov radiation l imited by 
c, 

coll is ionless  damping t o  be below lo-*' W/mLHz compared with observed fluxes 
2 as h i g h  as bl/m Hz (Gurnett and Frank, 1972). 

In order t o  produce higher power fluxes, Swift and Kan (1975) have 

suggested tha t  VLF hiss  i s  produced by beam amplification o f  e l e c t r o s t a t i c  

whistlers.  Maggs (1976) showed tha t  indeed both the bandwidth and power 

fluxes o f  observed VLF hiss  could bs accounted f o r  by convective beam amp- 

l i f i ca t ion .  In  order t o  show t h i s ,  he had to  solve the wave k ine t ic  equation 

fo r  a model inhomogeneous ionosphere. Figure 28 shows a model a r c  Maggs 

used in his calculations.  

beam of warm electrons wi t h  a d r i  f t i  ng Maxwell i an vel mi t y  distri b u t i  on,  the 

By modelling the arc a s  a narrow ficld-aligned 

necessary range of posit ive slope in the velocity d is t r ibu t ion  could be pro- 

duced i n  order t o  create  the necessary convective growth o f  -the incoherent 

Cerenkov radiation. The curvature of the source regiron i n  the east-west 

direction was simulted by a horizontal cutoff distance which, o f  course, 

would be a function o f  how active the a rc  i s  (see Figtfre 28). The electron 

beam was assumed to  e x i s t  fo r  several thousand kilonieters along f i e l d  lines, 

His approach, howewr, was n o t  valid for  h i g h  frequencies ( f o r  the 

electron plasma frequency less  t h a n  the electroil gyrofrequency) due t o  non- 

l inear  processes. Magas (1977) circumvented this problem by re f rac t ing  the 

e l ec t ros t a t i c  waves out of the region of the auroral electron beam, thus 

l imiting t h e i r  amplification. 

able t o  develop a graphical algorithm f o r  predicting the power f lux  spectra 

of both whistler and  upper hybrid noise f o r  various beam and ionospheric 

As a resu l t  o f  t h i s  modification, Plaggs was 
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QUIET ARC 

Figure 28: Model auroral arcs used by t.laggs (1976); note the variation i n  
horizontal scale between quiet  arcs and ac t ive  arcs and the 
influence of t h i s  on the maximum amplification distance. 



30. 

parameters. 

spectra For Day 346, 1971. 

be processed in a similar fashion a t  a l a t e r  date.] 

This graphical algorithm i s  presently being applied t o  the no-ise 

[Also, other events studiea in th-is r&po;+ ,if;.?, 

Meng (1976) has catagorized three types of electron precipitation 

features f o r  three auroral forms in the evening sector :  a f a i n t  diffuse 

aurora,  a f a i n t  d i scre te  arc  and a bright quiet  arc .  The f a i n t  d i scre te  

arc and bright qiiiet arc were found t o  have energetic electron spectral  peaks 

a t  0.5 - '1.2 keV and 

monoenergetic beams produce the necessary posit ive slope i n  velocity space 

for  the convective amplification process t o  take place. 

energy spectra of electrons shown in Case 1 (Figure 7)  we h a v e  good rcasm t o  

believe t h a t  the combination o f  adequate fluxes of energetic electrons 

coupled with a positive slope in velocity space are the  conditions f o r  the prc- 

duction of the  noise observed using thhe AGC aboard ISIS 2. 

t h a t ,  for arcs i n  the equatorward portion of' the eastwat-d e l ec t ro j e t  where 

no noise enhancements are observedg no posit ive slope i n  velocity space 

3.2 key respectively. Maggs (1976) believes t h a t  these 

From the d i f f e ren t i a l  

kfc.wou!d suggest. 

ex i s t s  f o r  the d i f fe ren t ia l  energy spectra. 

energetic electrons may be h i g h ,  the absence o f  the dr i f t ing  Maxwelliarr en- 

sures tha t  no noise i n  the frequency range 100 < f < 500 kHz would be produced. 

T h u s ,  even though  f luxes o f  

The problem of determining the location and charac te r i s t ics  o f  thhe 

source region are  compound@d by the f ac t  that  the ray pa ths  o f  e l e c t r o s t a t i c  

noises in an inhomogeneous ionosphere i s  extremely complicated, Therefore, 

the interpretation of the noise spectra as the sa te l l - i t e  passes Lhraugh the 

polar  ionosphere, in terms of possible source regimes, is  d i f f i c u l t ,  i f  not  

impossible (see James, 1973). 

regions are  presented in Figures 29 and 3 0 .  ( J .  E. Maggs, persona9 communicati 

In order to  demonstrate t h i s ,  two model source 
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1977). 

f i e l d  direct ion.  

made to  vary with height as does the plasma frequency for the model iono- 

In both cases the source i s  assumed t o  be aligned w i t h  the magnetic 

In Figure 29 the upper cutoff frequency of the source i s  

sphere ( i . e .  one i s  i n  the direction of the magnetic f i e l d ) .  

As the s a t e l l i t e  passes th rough  the ionosphere the receiver power spectra 

would show an increase i n  amplitude as well a s  frequency. The reverse of 

tkis would be true as the s a t e l l i t e  recedes from the source. 

i s  s imilar  t o  t h a t  seen in most of the ESIS 2 passes. 

served t h i s  same increase in the cutoff frequency of the receiver power spectra 

i n  the dayside-cusp ionosphere. 

receiver response i f  One i s  perpendicular t o  the magnetic f i e l d  (horizontal 

gradients i n  the local plasma frequency). 

by thermal plasma enhancements observed above the e l e c t r o j e t  region by Rostoker 

e t  a l .  (1975a, 1976).  

a t  various heights only for  convenience and does n o t  represent a variation w i t h  

a l t i tude . ]  

from the source w o u l d ,  of course, depend upon one on the other s ide of the 

source. 

vertical  components of v n e ,  the problem of inferr ing the source can only b e  

attempting by complicated ray tracing techniques {see James 

1976). 

This response 

James (1973) a lso ob- 

However, Figure 30 i l l u s t r a t e s  a s imilar  

Such gradients would be generated 

[The ray paths fo r  d i f fe ren t  frequencies were positioned 

The receiver power spectra observed as the sa teTl i te  moves away 

Since the polar ionosphere i s  known to  have both  horizontal and 

1973 and Maggs, 

In summary, o u r  data favor the model o f  Maggs (7976, 1977) which pro- 

poses tha t  noise i n  the frequency range between the lower hybrid frequency and 

the local plasma frequency (or electron gyrofrequency, whichever is  t h e  

1 ower) i s produced by convective amp1 i f i ca t i  on o f  the whi s t l  e r  noise assoc- 

iated w i t h  beams o f  energetic electrons which fea ture  a d r i f t i ng  Maxwel J j a n .  
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Based on the data available for this study, we a re  unable t o  say f o r  cer tain 

whether or not ISIS 2 i s  passing through the source region for  the noise, 

although i t  is  cer ta in  that  the noise source is n o t  below the satell i te.  

( i i i )  The Relationship of Noise t o  Thermal Plasma Enhancements i n  the 

Topside Ionosphere 

In an e a r l i e r  study for  DOC, Rostoker e t  a l .  (1975a)showed tha t  thermal 

plasma enhancements were observed in the evening sec to r  centered roughly a t  

the la t i tude  of the poleward boundary o f  the eastward e l ec t ro j e t .  

hancements a re  due t o  0 being drawn up the f i e l d  l ines,  possibly through the 

action o f  forces which resu l t  i n  the generation of the polarwind. Since this 

cold plasma i s  foilnd i n  the same region as nol'se and field-aligned current 

in general terms, a more careful correlation was undertaken u s i n g  the data 

shown i n  the bar chart  presented in Figure 3. For the cases t h a t  a re  t reated,  

i t  is c lear  tha t  there are a s ignif icant  number of cases where the thermal 

plasma l i e s  outside the region of noise (e.g. Days 19 and 25, 1972) and a l so  

there a re  cases where noise l i e s  outside the region of thermal plasma enhance- 

ment (e.g. Days 4 and  73, 1972) .  T h u s ,  a t  any in s t an t  of time, there i s  

c lear ly  n o t  a one-to-one correlation between noise i n  the kHz range and thermal 

plasma enhancements. 

The  en- 
f 

The lack of correlation can be understood i n  the following framework. 

The thermal plasma a t  h i g h  a l t i t ude  stems f rom the precipi ta t ion o f  s igni f icant  

fluxes of low energy ( a  few hundred eV) which causes secondary ionization i n  

the F-region of the ionosphere. The secondary electrons together w i t h  their 

associated ions (0') are drawn up the f i e l d  lines t o  ISIS  a l t i t u d e s  w i t h  some 

delay time. However, the noise i s  associated w i t h  t h e  precipi ta t ing electrons,  
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and so there i i  a t i ve  la9 between any noise b u r s t  and the a r r iva l  time a t  

IS iS  alcitdde of  electrons created originaTly in tne F-region by the 

primaries w i t h  which the noise burst is  associated. Thus there i s  no reason 

t o  expect a correlation between noise and thermal plasma enhancements i n  

the topside ionosphere due t o  the existence of the time lags discussed above. 

( i v )  The Relationship of Noise to  Field-Aligned and Electrojet  Current 

Flow in the Evening Sector 

In discussing the phenomenon of field-aligned current flow, i t  i s  worth 

keeping i n  mind tha t  no-one has ever measured ionospheric o r  magnetospheric 

currents d i rec t ly ;  currents have always been inferred from magnetic 

measurements on the g round  or aboard s a t e l l i t e s ,  o r  from p a r t i c l e  d r i f t  

measurements in the context o f  some node1 atmosphere, Using these techniques 

Rostoker e t  a l .  (1975b), Kamide and Akasofu (1975) and Kamide and Rostaker 

(1977) have reached the conclusion tha t  upward current  flows i n  the poleward 

p o r t i o n  of the eastward e l ec t ro j e t  and i n  the region immediately poleward of 

the eastward e l ec t ro j e t .  Downward current flows i n  the equatorward portion o f  

the eastward e lec t ro je t .  In terms of magnetotail phenomenology, downward 

current flows from the cps and upward current flows i n t o  the bps. 

Several wrke r s  have recently suggested t h a t  t h e  upward current  -1:s 

carr ied i n  d iscrete  arcs by downward moving energetic electrons (e .g.  Kamide 

and Rostoker, 1977), although the electrons w i t h  energies abo:le 0.5 keV nay 

only be responsible for  about 20% of t h i s  current (Casserley and Cloutier,  

1975).  

eastward e l ec t ro j e t  and n o r t h  of i t s  border where a westward e l e c t r o j e t  i s  

Since most discrete  arcs are  found i n  the poleward portion o f  the 

often observed, i t  i s  reasonable t o  contend tha t  d i sc re t e  arcs mark the 

regions of upward current flow. 
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We therefore contend tha t  discrete  arcs w i t h i n  the  poleward por-kion 

wd/or  a: the poleward border of the eastward el’ectroj’et a r e  the s i te  of the 

upward current flow which balances the downward current  flow i n  the equator- 

ward portion of t ha t  e lec t ro je t .  

e l ec t ro j e t  carry field-a1 igned current which stems from the diversion of the 

westward ionospheric current u p  the f i e l d  l ines .  

upward current const i tutes  part of the - net field-aligned current  flow i n  the 

evening sector .  The balance of the net field-aligned current  flow wili  stem 

from the eastward e l ec t ro j e t  current which must diverge up t h e  f i e l d  l ines  

as i t  f l o w s  towards the midnight sector.  T h i s  upward current  flaw will  

probably occur a t  the boundary between the eastward e l e c t r o j e t  and westward 

e l ec t ro j e t  t o  the n o r t h ,  as there a re  marked gradients i n  b o t h  conductivity 

and  e l e c t r i c  f i e l d  a t  t h a t  boundary (see Figure 2 ) .  

Discrete arcs poleward o f  t he  eastward 

En e f f e c t  t h i s  l a t t e r  

Insofar as the relationship between noise and net field-aligned current 

flow i s  concerned, Rostoker e t  a l .  (1975a)have used ground-based data t o  

define the la t i tudinal  regime o f  regions o f  net  field-aligned current flow 

measured a t  the t i ne  of several of the ISIS 2 passes dea l t  w i t h  i n  o u r  study. 

In Table 3 we show the la t i tude  range spanned by the noise (amplitude greater  

t h a n  -70 db)  and net field-aligned current fo r  these events. 

except the westward e l ec t ro j e t  near dawn, the noise is almost exactly con- 

tained within the regton of net field-aligned current flow. 

the e r ro r  i n  estimation of noise onset (based on t h e  time betxwa-i sweeps) and 

the e r ro r  i n  estimation of the la t i tudes  a t  which the D-component (used t o  

predict  field-aligned current)  begins i t s  level change, we may say tha t  noise 

i n  the frequency range 100 < f 

a good indicator of the present of net upward field-aligned current  flow i n  

the evening sector.  

For a l l  cases 

Keeping i n  mind 

500 kHz w i t h  amplitudes above % -70db i s  



Table 3 

La t i  tude Range Occupied by Mi se 

and by Net Field-Aligned Current Flow 
f o r  the ISIS Passes Treated i n  this Study 

Year Day T i  me Latitude Range o f  Lati tude Range 
Fie1 d-A1 i gned Current o f  Noise 

1971 346 0609 67.5 - 72.5 67 - 72 
1972 004 0527 70 - 76 

00 5 041 2 72.5 - 76 

01 0 0334 70 - 76 
01 1 041 0 71 - 76 
01 3 0333 70 - 75 
01 7 0409 65 * - 70 
01 9 0332 70 - 75 

025 0331 67.5 - 72.5 
039 0250 67.5 - 72.5 
041 021 3 73 - 77 
058" 1236 67.5 - 75 

69.5 - 74 
72 - 74 
69.5 - 75 
72 - 76 
71 - 76 
66 -- 72.5 
72  - 74 
69 - 74 
66 - 75 
71.5 - 76.5 
73.5 - 74.5 

*westward e l ec t ro j e t  rtear local dawn 
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We shall  now speculate on the role which noise plays i n  the rcyulation 

of field-aligned current flotJ i n  the auroral oval. First we emphasize agaii-i 

the f ac t  t ha t  noise, energetic electrons and upward field-a1 igned  current 

appear t o  be colocated. The energetic electron spectrum i n  th i s  region is  tha t  

of an ' inverted V '  which suggests t ha t  there i s  a potential drop along the 

f i e ld  f ines  (Gurnett, 1972) .  As we have pointed o u t  i n  the previous sect ion,  

the s a t e l l i t e  passes e i ther  through the region of potential d rop  o r  just  under 

i t .  Since Mozer e t  a l .  (1977) have shown the region o f  potential  drop Lo b? 

highly turbulent,  i t  i s  tempting t o  associate the noise w i t h  a source region 

t h r o u g h  which the s a t e l l i t e  f l i e s .  The observation by Shelley e t  a l .  (7976)  

of energetic ions coming u p  f i e ld  l ines  from regions belon 5000 krn suggests, 

i n  f ac t ,  t h a t  IS IS  2 may well f l y  d i rec t ly  t h r o u g h  the source region and 

therefore t h a t  the observed noise associated with the auroral a rcs  i s  de- 

tected by the ISIS spacecraft inside the source pegion. 

In  order t o  understand the relevance of noise t o  field-aligned current 

flow, i t  i s  necessary to  understand the physics o f  the processes t h r o u g h  wh ich  

current i s  driven and noise is generated. WhiTe we have commented e a r l i e r  on 

the noise generation processes proposed by Maggs (7976, 1977) i t  is useful t o  

comment on the role of currents i n  the auroral oval. A t  the present time, 

i t  i s  f e l t  t ha t  the e l e c t r i c  f i e l d  which drives current in the  ionosphere 

originates in the magnetatail, and i s  related d i rec t ly  t o  t h 2  d r i f t  of pa r t i c l e s  

i n  tha t  region of space. 

flow across the auroral oval and correspondingly enhanced field-aligned current.  

While downward current flow i n  the equatorward portion of the oval can be 

carried by low energy electrons flowing o u t  o f  the ionosphere, i t  would appear 

tha t  the more intense currents in the poleward portion O F  the oval require 

Enhanced convection would lead t o  enhanced current 



36. 

mtjre energci-tic par t ic les  and hence some acceleration mechanism. 

present evidence suggests that  a double I d p i  (OTock, 

s t a t i c  shocks (Swift, 1975) i s  s e t  up  i n  the topside ionosphere which accel- 

erates  electrons downwards and ions upwards as the most  l i ke ly  acceleratian 

mechanisms. 

We feel  t ha t  

2; o r  oblique electr-o- 

Basically, monoenergetic streams of electrons a r e  simply a 

consequence of the acceleration process which, i n  t u r n g  regulates the f i e ld -  

aligned current.  As we have seen, however, i t  i s  the monoenergetic. stream of 

electrons (or  rather a dr i f t ing  Maxwellian d is t r ibu t ion  w i t h  a positi\ve sfape 

i n  velocity space) which leads t o  the generation o f  noise. Therefore, the 

noise i s  n o t  quantitatively related to  the current flow i n  any simple way; 

i t  is  simply a by-product of the processes through which upward field-aligned 

current i s  driven. 

I t  i s  a lso worth repeating t h a t  the higher noise frequencies a.re assoc- 

ia ted w i t h  electrons w i t h  energies above 'L 1 keV. However, Casserly and 

Cloutier (1975) suggest tha t  only % 2CiZ of the current is  car r ied  by electrons 

w i t h  energies greater than Q 0.5 keV, so tha t  noise i n  the frequency range 

200 < f < 500 kHz should not re la te  t o  the major portion o f  the upward f i e ld -  

aligned current.  

noise appears t o  re la te  to  electrons w i t h  energies l e s s  than 1 keV, i t  m y  well 

be tha t  there is  a quantitative relationship between noise near loif kHz and 

upward field-aligned current flow in the evening sector.  However, any such 

relationship cannot eas i ly  be establ <shed using so le ly  ground based magneto- 

meter data. 

f i e ld  from which t o  infer  field-aligned current f l o w  i n  order  t ha t  a more 

quantitative relationship between field-aligned currents  and noise i n  the 

kHz range can be established. 

Since, as we have pointed out e a r l i e r ,  the lower frequency 

I t  will be necessary to  have i n  s i tu  measurements of magnetic 

I t  i s  hoped t h a t  the low a l t i t u d e  mission (LAN) 
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presently being proposed by the Canadian space seience community wi l? ,  

ainung i t s  d~comp I i shments, provide the necessary data t o  quant? tat-ively 

re la te  noise i n  the kHz frequency range to field-aligned current flow .in 

the topside ionosphere. 
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